An efficient and reproducible procedure for the direct regeneration of phalaenopsis cv. 'Surabaya' using of nodal explants and leaf segments derived from in vitro flower stalk was conducted. Three experiments were carried out for shoot development and subsequent plant regeneration: Direct shoot regeneration from nodal explants of Phalaenopsis cv. 'Surabaya' flower stalks on MS added with different combination of NAA and BAP, direct regeneration of protocormlike bodies (PLBs) from leaf explants in a MS with different concentrations of the TDZ, acclimatization of regenerated plantlets in different mixture of components and nutrients. The results showed that 5 mg/l BAP and 2 mg/l NAA were most effective concentration for shoot regeneration, regenerated shoots were cultured on half strength of MS containing activated charcoal, IAA and NAA at various concentrations, highest number of root (6.7) was obtained in higher concentration of NAA (2 mg/l). TDZ induced a higher frequency of embryogenesis from leaf explants than BAP, the highest number of embryos per explant was 22.45 at 3 mg/l TDZ. Altogether, BAP at higher concentration (10 mg/l) with 1 mg/l NAA had the highest enhancement on the amount of direct embryogenesis. In our investigation 87.20% plantlets via nodal explants survived acclimatization process in medium containing cocopeat and coal (1 : 1). The survival rate of regenerated plantlets via nodal explants (82.07%) was more than of regenerated plantlets via leaf explants (70.47). This protocol provides the basis for further investigation on micropropagation and breeding programs in Phalaenopsis cv. 'Surabaya'.
Introduction
Phalaenopsis is the most popular orchids in floriculture industry, grown throughout the world for the commercial production as attractive cut flowers and potted plants. The genus Phalaenopsis (Orchidaceae) consists of 45 to 63 species which can be used in breeding to produce floriculturally important hybrids with attractive combination in shape, color and fragrance (Portia et al. 2005) . Since the conventional breeding is slow and difficult, tissue culture methods are the way for clonally mass propagation of commercial species. Many in vitro culture protocols have been developed for Phalaenopsis regeneration utilizing flower stalk buds, stem nodes (Tokuhara and Mii 2001 , Balilashaki et al. 2014 , Kosir et al. 2004 ) entire shoots, shoot tips (Griesbach 2002 , Talukder et al. 2003 , Hong et al. 2010 , Pant and Thapa 2012 , Mondal et al. 2014 , leaf tissues/segment (Nayak et al. 1997 , Park et al. 2002 , Chen and Chang 2004 , Chen and Chang 2006 , Mayer et al. 2010 , Niknejad et al. 2013 or root tips culture (Park et al. 2003) . PLBs which can be induced directly from various explants are important in orchid regeneration. PLBs obtained from germinating embryo as an important strategy can be used for the purpose of a breeding program such as obtaining genetically similar plants, improvement of quality, genetic transformation and long-term germplasm conservation. Young et al. (2000) established a method for PLB proliferation of Phalaenopsis using bioreactor system, in their study the leaves emerging from nodes were used for PLB induction and PLBs which were harvested from bioreactor cultures were inoculated on different medium for plantlet regeneration. PLBs of Phalaenopsis from leaf segments were used for encapsulation-dehydration (Khoddamzadeh et al. 2011) . Niknejad et al. (2013) reported that TDZ in combination with auxins is good choice for PLBs formation from Leaf sections from in vitro young plants. Some organic additives, such as activated charcoal in the medium can be used for better root formation from PLBs. Kosir et al. (2004) examined direct shoot regeneration from nodes of Phalaenopsis on six culture media which the composition of the culture media affected the induction, regeneration, number and form of Phalaenopsis regenerates. Tan et al. (2011) reported that nodal explants showed better callus initiation than juvenile leaf explants, with 35.0% of explants forming callus when cultured on MS supplemented with 2.0 mg/l NAA and 1.0 mg/l BA. Park et al. (2002) developed an efficient protocol for regeneration of Phalaenopsis via leaf segments derived in vitro from flower stalk nodes. Plant regeneration using nodal explants and leaf segments derived in vitro from flower stalk was examined, the early events of PLBs formation and shoot regeneration from the two explants at different concentration of PGR, and subsequent plant regeneration are presented. The propagation method optimized here will be useful for the commercial scale production and regenerating transgenic of Phalaenopsis cv. 'Surabaya' orchids.
Materials and Methods
Two year old Phalaenopsis amabilis cv. Surabaya orchids were purchased from Anthura Company of Netherlands. Flower stalks were collected from plants which had three opened buds. After transferring to the laboratory, the flower stalk nodes were cut into 5 -6 cm lengths and pre-sterilized by using a solution of 1% benomyl fungicide and one drop of Tween 20 for 10 min. After presterilization the explants were sterilized using 70% ethanol for 30 sec followed by 35% v/v commercial bleach for 15 min and finally rinsing the explants with sterile distilled water thrice for 15 min. Before transferring to medium, two sides of the nodes which were damaged due to sterilization were cut and the bracts on the bud were removed and finally cultured on MS (Fig. 1a) supplemented with different concentration of BAP and NAA (Table 1) for shoot regeneration. The explants were sub-cultured onto the same medium every 14 days and kept at 16 hrs light and 8 hrs dark condition and 25 ± 1°C temperature. Regenerated shoots were cultured on MS supplemented with different concentrations of NAA and IAA for root induction (Table 2) . A completely randomized design was used for this experiment, 20 replicates (each contained five explants) were used for each treatment and the effects of hormonal treatments on shoot formation and root induction were investigated respectively.
Leaf segments derived in vitro from flower stalk were cultured on Chen medium supplemented with different concentrations of NAA, BAP and TDZ (Table 3 ). The explants were sub-cultured onto the same medium every 14 days and kept at 16 hrs light and 8 hrs dark condition and 25 ± 1°C temperature. A completely randomized design was used for this experiment, 20 replicates (each contained five explants) were used per treatment and the effects of hormonal treatments on plantlet regeneration were investigated. The PLBs with shoots were transferred to growth regulator-free half strength of MS containing 2 g/l activated charcoal in light for plant conversion and further development.
In vitro rooted plantlets (from nodal explants and leaves) were washed carefully with water to remove traces of agar sterilized with Benomyl (1%) and then transferred to the pots containing different potting mixtures viz. 1. Cocopeat and coal (1 : 1). 2. Industrial cartridge. 3. Perlite. The pots (45 × 30 × 10) were covered with tight plastic cover to prevent desiccation and acclimatized in the mist house at 20 -30°C temperature and 14 hrs illuminations. The plantlets were compared regarding hardening after one month acclimatization; 100 replicates were used for each treatment. In all experiments the mean values of the various treatments were subjected to ANOVA using SPSS ver. 18 software (SPSS, Chicago, IL). The differences between the mean of each treatment were scored using Tukey's multiple range test at a p value = 0.05.
Results and Discussion
A simple and effective protocol was developed for the shoot regeneration of Phalaenopsis amabilis cv. Surabaya orchid. Two different types of explants (nodes with dormant bud and leaf segments derived in vitro from nodal explants) were cultured on MS containing different concentrations of BAP, NAA and TDZ to evaluate their effects on shoot regeneration. Explants grown on plant growth regulator-containing media showed varying success in shoot initiation (Fig. 1b showed significant variation in number of PLBs. The maximum number of PLBs (8.70) was achieved on medium supplemented with 5 mg/l BAP and 2 mg/l NAA (Fig. 1d) . Kosir et al. (2004) investigated direct shoot regeneration from nodes with dormant buds of orchid Phalaenopsis sp. on six culture media, Medium supplemented with 2 mg/l BAP and 0.5 mg/l was the most appropriate medium for rapid micropropagation of a large number of vegetative shoots. The effect of NAA and BAP on axillary shoot formation, protocorm-like body induction and root regeneration of Doritis pulcherrima orchid was significant. Among the different combinations, 1 mg/l NAA and 2 mg/l BAP were found effective in shoot multiplication (Mondal et al. 2014) . The highest number of shoots (15.3) was obtained from MS supplemented with 4 mg/l BA and 1 mg/l NAA (Balilashaki et al. 2014) . Devi et al. (2013) reported an efficient protocol for rapid clonal propagation from different explants of Aeridesodorata Lour. an endemic orchid, highest number of shoot was obtained in higher concentration of NAA (2 mg/l) and BAP (4 mg/l) (4.80 ± 0.18), showing combined effect of BAP and NAA, which may be due to the synergistic effect of cytokinin and auxin, and this result is in agreement with our results. The effect of different concentrations of BAP and NAA on shoot proliferation of Dendrobium orchid was examined, the best shoot proliferation (1.90/explant) was obtained in 2.5 mg/l BAP and 0.5 mg/l NAA (Talukder et al. 2003) . Tokuhara and Mii (1993) reported that the combination and appropriate concentration of NAA and BAP in the culture medium could be used on a commercial scale for micropropagation of Phalaenopsis and Doritaenopsis. Chen et al. (2002) established a reliable protocol via multiple shoot formation for Paphiopedilum orchids propagation via stem nodal explants, they showed that TDZ alone or combined with 2,4-D were effective in multiple shoot induction from stem nodal explants of Paphiopedilum orchid. Among the three cytokinins (TDZ, BAP and zeatin) tested for direct shoot regeneration from nodal explants of Phalaenopsis violacea, BAP produced the highest percentage of shoots from the nodal explants of the flower stalks (Subramaniam et al. 2009 ). Flower stalk internode explants of Oncidium sweet sugar formed somatic embryos and shoot buds directly from wound surfaces within 1.5 months, when cultured on half strength of MS containing TDZ in darkness but they failed to develop plantlets when they were transferred to a hormone-free medium or a basal medium containing 0.3 mg/l TDZ and 0.5 mg/l NAA . However, a TDZ + NAA, BA + NAA or Kn + NAA combination promoted shoot growth as well as leaf expansion but the frequency of shoot regeneration declined markedly at higher concentration of TDZ and the best result for shoot regeneration was recorded on 10.0 mg/l BA plus 1 mg/l NAA (Nayak et al. 1997 ). Vegetative regenerates with two to four leaves and no roots sub-cultured onto different medium for root formation and plant regeneration after 160 days.
For plantlets formation, individual shoots with two to three expanded leaves were cultured on half strength of MS supplemented with different concentrations of activated charcoal, IAA and NAA (Table 2) . In 35 days, the results revealed that supplemented half strength of MS with NAA is the highest average number of induced roots (6.7 per plantlet) in comparison with IAA which have same amount of concentration and there was no sign of root formation in medium supplemented with activated charcoal (Table 2) . It is close to average number (9 per plantlet) reported by (Kabir et al. 2013 ). Roots of IAA treatment were larger and thinner compared to roots of NAA treatment (Fig. 1e) . Mondal et al. (2014) regenerated single shoots when cultured in both Knudson's C (1946) (KC) + peptone and KC media supplemented with low concentrations of NAA (0.5 -1 mg/l). Efficient root regeneration was observed in low concentration of NAA. On the contrary, in present investigation regeneration of maximum number of roots was observed in further concentration of NAA (2 mg/l). Cui et al. (2008) reported that better root development occurred after shoots with protocorms were transferred onto the basal medium supplemented with 9.84 μM 2iP and 2.69 μM NAA. Seeni and Latha (1992) reported successful in vitro rooting of Renantheraim schootiana shoots in the presence of 5.4 μM NAA and 1% activated charcoal. Kosir et al. (2004) found medium D (no hormones) is good for root induction in comparison of other six media. In this study medium D was composed of B5 mediumʹs (Gamborg et al. 1968 ) macro elements, MS microelements and other components from the medium described by Hinnen et al. (1989) but without banana homogenate. Among two auxin (NAA and IAA), NAA (0.5 -1 mg/l) was found to be the most suitable for in vitro rooting under the controlled conditions (Paudel and Pant 2012) . The effectiveness of NAA for root induction was studied in Dendrobium (Kong et al. 2007) and Vanda (Rahman et al. 2009 ). Our outcome from effects of positive growth regulator IAA on rooting confirmed by previous research on orchid species reported (Malabadi et al. 2004 , William et al. 2003 . Martin et al. (2005) for induction of in vitro rooting from generated shoots, propagation of Dendrobium using flower stalk node explants on half strength MS that reported shoots were rooted well (9 roots per shoot) upon transfer to halfstrength MS supplemented with 2 g/l activated charcoal but in our study, activated charcoal medium showed no efficacy in root induction. Leaf tip segments derived in vitro from flower stalk nodes of Phalaenopsis 'Surabaya' were cultured on half strength of MS supplemented with different concentrations of NAA, BAP and TDZ. Clusters of somatic embryos formed directly from leaf surfaces and wounding region within fourth week of culture (Fig. 2a) . The cut ends and adaxial surfaces had the highest embryogenic competence (Kuo et al. 2005 , Gow et al. 2008 . Some somatic embryos tend to be necrotic and brown. Browning or necrosis varying in frequency on the PGR concentrations (Table 3) . After 8 weeks and 7 subcultures on the same medium the embryos enlarged and turned (Fig. 2b) into protocorm like bodies (Fig. 2c) . In the presence of higher concentration of TDZ (3 mg/l), maximum numbers of somatic embryos (22.45) were directly formed from the surface of leaf explants. TDZ at 3 mg/l resulted in a best response on the proliferation rate of fresh mass and the mean number of embryos per explant of Phalaenopsis amabilis orchids (Cheng and Chang 2006). Gow et al. (2008) reported TDZ can promote repetitive embryogenesis from zygotic protocorms and induced a higher frequency of embryogenesis from leaf explants. TDZ induced a higher frequency of embryogenesis from leaf explants of Phalaenopsis 'Little Steve' than BA and Kn (Kuo et al. 2005) . With increased BA concentration PLB induction was triggered. On medium supplemented with BA (88.8 μM) and NAA (5.4 mM), maximum of 12 PLBs were obtained (Park et al. 2002) . Tanaka and Sakanishi (1980) have used BA (10 mg/l) and NAA (1 mg/l) for regeneration of PLBs from the leaf explants and they were able to induce an average 3.8 PLBs on Hyponex medium and 1.4 PLBs on MS per explant. Whole leaf cultures with embryos/protocorms were transferred onto half strength of MS supplemented with 2 g/l activated charcoal and kept under a 16-hrs photoperiod. Under this condition, protocorms continued developing and further formed shoot (Fig. 2d) . The regenerated plantletss from nodal ( Fig. 1f ) and leaf explants (Fig. 2d ) (≥ 4 cm height) were transferred to pots and kept in greenhouse conditions for 3 -4 weeks. The plants were gradually acclimatized to greenhouse conditions (Fig. 3a) and the percentage survival of regenerated plants via nodal explants (82.07) was more than that of regenerated plants via leaf explant (70.47). The plants thus obtained grew vigorously and flowered one year after transfer to pots (Fig. 3b) . The effects of three media on regenerated plant acclimatization were examined; the results showed that 87.29 plantlets survived in medium with cocopeat: coal (Table 5 ). This combination might have provided the proper condition of good drainage, and also good aeration, which are very much essential for orchid growth. Studied by Balilashaki et al. (2014) in vitro rooted plantlet (from seeds, nodal explants and in vitro leaves) were compared in two different media 1. Cocopeat, coal, industrial cartridge and the bites of yonolit (1: 1 : 2 : 4). 2. Cocopeat, coal (5 : 1) for hardening and plant from nodal explants showed the highest survival rate (100%) on the second medium. Park et al. (2002) studied in vitro plants were transplanted to pots containing peat moss and perlite (1 : 1) and kept in a greenhouse conditions for 2 -4 weeks. and indicated percentage survival of plants was 90. In conclusion, we reported a procedure for direct plants regeneration via PLBS in Phalaenopsis 'Surabaya'. Cytokines tested were all effective in direct embryo induction of both explants. Direct regeneration without undesirable callus formation and with PLBs proliferation shortens the time period needed for plant regeneration from explants. Here we propose that this protocol can be successfully used for clonally micropropagation of plant in a commercial scale at short time rather than natural conditions.
